Organic solvent extracts from fresh twig bark of Japanese pear cultivars (Pyrus serotina) Shinko and Nijisseiki, and European pear cultivar (P. communis) Le Lectier were obtained by maceration with n-hexane and EtOAc, and analyzed in GC-EIMS experiments. In these two Japanese cultivars, the lupeol, betulin, epifriedelinol, friedelin and arbutin contents of Nijisseiki were higher than those of Shinko. In the case of the lupane-type triterpenes, lupeol and betulin, the lupeol content of Japanese pears Shinko and Nijisseiki was higher than that of European pear Le Lectier. The betulin content of Le Lectier was higher than those of Shinko and Nijisseiki. Friedelane-type triterpenes, epifriedelinol and friedelin, were not detected in twig bark of Le Lectier. Quantitative and qualitative differences in the constituents of these three pear cultivars were observed.
The genus Pyrus belongs to the family Rosaceae. The pear cultivars (Pyrus species) exhibit different resistance to causal fungi for pear diseases [1a,b] . Although Japanese pear cultivar (P. serotina) Shinko is resistant to Alternaria alternata, a Japanese pear pathotype, which causes black spot disease of Japanese pear, Japanese pear cultivar Nijisseiki is susceptible to the causal fungus. While it is unknown whether the constituents of pear twig bark are responsible for the differences in the resistibility, some of these constituents should be relevant to the defense mechanism.
In the course of our studies on pear cultivars (Pyrus species), we have investigated their constituents. Two known triterpenes, lupeol (1) and epifriedelinol (3), and a mixture of five new lupeol esters (eicosanoate, docosanoate, tetracosanoate, hexacosanoate and octacosanoate) have been isolated from the twig bark of Japanese pear cultivar (P. serotina) Shinko [2a] . In addition, betulin (2) and friedelin (4) were identified as major triterpenes from the bark by comparison of their gas chromatography-electron impact mass spectrometric (GC-EIMS) data with those of reference samples. Compounds 1 -4, which have not been reported in relation to the defense mechanism, possess biological activities [2b,c] . On the other hand, hydroquinone (6), derived from arbutin (5), well known as a phytoalexin in Pyrus species [2d], was found oxidized to benzoquinone (7) . We now report the contents of 1 -7 of twig bark of Japanese pear cultivars (P. serotina) Shinko and Nijisseiki and the European pear cultivar (P. communis) Le Lectier.
Fresh twig bark of pear cultivars was first extracted with n-hexane and then with EtOAc. Constituents of the organic solvent extracts were analyzed in GC-EIMS experiments ( Table 1 ). The amounts of the constituents of twig bark were calculated on the basis of the contents of both n-hexane and EtOAc extracts, being expressed as the amount (mg/g fresh weight) of each constituent in fresh twig bark (Table 2) . Lupane-type triterpenes, lupeol (1) and betulin (2), and arbutin (5) co-occurred in twig bark of all three pear cultivars. 2.3 108 (47), 84 (100) 1 = lupeol, 2 = betulin, 3 = epifriedelinol, 4 = friedelin, 5' = pentakis(trimethylsilyl) derivative of arbutin (5), 6' = bis(trimethylsilyl) derivative of hydroquinone (6) and 7 = benzoquinone.
Although the compound 1 content of European pear cultivar (P. communis) Le Lectier was only a quarter of each of those of Japanese pear cultivars (P. serotina) Shinko and Nijisseiki, the compound 2 content of Le Lectier was higher than those of the Japanese cultivars. Friedelane-type triterpenes, epifriedelinol (3) and friedelin (4), were found in twig bark of Shinko and Nijisseiki, while they were not detected in Le Lectier. The compound 4 content of Nijisseiki was 5 times higher than that of Shinko. Hydroquinone (6) and benzoquinone (7) were not detected in any of the three cultivars.
Compound 1 is a triterpene that is widespread in plants. To the best of our knowledge, 1 is not often seen in the company of 3, but with and -amyrins. N. D. 0.63±0.07 a The value for content is expressed as the amount (mg/g fresh weight) of a constituent in fresh twig bark, being calculated on the basis of its contents of both n-hexane and EtOAc extracts. Data present means ± S. D. (n=3). b N. D., not detected: compounds 3 and 4 were not detected in twig bark of European pear cultivar (P. communis) Le Lectier. 1 = lupeol, 2 = betulin, 3 = epifriedelinol, 4 = friedelin and 5 = arbutin.
precursor to the antitumor quinonemethides in Maytenus aquifolium and Salacia campestris [3d]. In the case of Japanese pear cultivars (P. serotina) Shinko and Nijisseiki, friedelane-types 3 and 4, as well as lupane-types 1 and 2, are major constituents of the twig bark. In an assay for antifungal activity, Alternaria alternata, Venturia nashicola and Botryosphaeria berengeriana were used as causal fungi of pear disease. Hydroquinone (6) (10 mg, 91 µmol) exhibited growth inhibitory activity {%, means ± S. D. (n=3)}: V. nashicola, 44.2±3.4; B. berengeriana, 32.2±0.7; A. alternata, 39.9±7.5 . Benzoquinone (7) (10 mg, 93 µmol) had the lethal activity {the distance (mm) at which an expansion of mycelium was not observed, hence the fungus was not surviving}: V. nashicola, 15; B. berengeriana, 15; A. alternata, 5 . The other compounds tested were inactive against these fungi.
Interestingly, the friedelane-type compounds epifriedelinol (3) and friedelin (4), which are major triterpenes of Japanese pear cultivars (P. serotina) Shinko and Nijisseiki, do not exist in European pear cultivar (P. communis) Le Lectier, and the compound 4 content of Nijisseiki was markedly higher than that of Shinko. Of the compounds tested, hydroquinone (6) has a lower growth inhibitory activity and benzoquinone (7) a lower lethal activity.
Experimental
Plant materials: Twigs of Japanese pear cultivars (P. serotina) Shinko and Nijisseiki and European pear cultivar (P. communis) Le Lectier were collected from a pear farm at Kamimagaridori in Minami-ku (Niigata, Japan), in November 2005.
Extraction:
The fresh twig barks (100 g) of Shinko, Nijisseiki and Le Lectier were extracted by maceration with n-hexane (1000 mL  2) and then with EtOAc (1000 mL  3) at room temperature, for 1 day each. In the case of Shinko, the n-hexane solution was evaporated to dryness and yielded 197 mg of residue, and the EtOAc solution provided 1337 mg of extract. The n-hexane and EtOAc solutions of Nijisseiki yielded 188 and 1493 mg of residues. From Le Lectier, 146 and 1052 mg of n-hexane and EtOAc extracts were obtained.
GC-EIMS analysis:
The data were provided by a SHIMADZU GCMS-QP5050A instrument.
The gas chromatograph was equipped with a capillary column (J & W, DB-5MS, 30 m  0.247 mm i.d. with a film thickness of 0.25 µm); helium was used as the carrier gas at a constant flow rate of 8.20 mL/min (injection split 1/3). The injection temperature was 300˚C, and the column temp. was initially held at 100˚C for 2 min, then raised from 100˚C to 300˚C at 10˚C/min, and held at this final temperature for 28 min. In the analysis of arbutin (5) and hydroquinone (6), an analytical sample (5.0 mg) was dissolved in pyridine (1.0 mL) and stirred with 1-(trimethylsilyl)imidazole (50 µL) at room temperature in the dark for 4 h for the GC-EIMS analysis.
Evaluation of antifungal activity:
Alternaria alternata, Venturia nashicola and Botryosphaeria berengeriana were used for the bioassay as causal fungi of pear disease. A test sample was dissolved in an organic solvent. The solution was added to an 8 mm paper disc. After being dried in vacuo, the disc was used for the bioassay. The test plates were incubated at 26°C in the dark. In an assay for the growth inhibitory activity against fungi, the center position of a potato-dextrose agar (PDA) plate had a piece of mycelium taken from the surface of a pre-incubated fungal plate. Each paper disc with a test sample and without it was put at a distance of 35 mm from the center. In an assay for the lethal activity against fungi, the paper disc was put in the center position of a PDA plate. Four pieces of mycelium taken from the surface of a pre-incubated fungal plate were sited at distances of 5, 15, 25 and 35 mm from the center, respectively.
